The target fragmentations in vp and fjp interactions are investigated by the assumption of a quark· diquark structure of proton and a quark·diquark cascade model. It is shown that the diquark system left in target fragmentation region behaves like a mixing state of single object mode (diquark) and independent two·quark mode. § 1. Introduction
The idea of a diquark state in proton is an interesting problem, which has been investigated in many physical processes. 1) Recently, the role of diquarks in deep-inelastic lepton-nucleon scattering has been studied by an assumption that diquark form factors can account for the scaling violation in nucleon structure functions.
)
In particular, Fredriksson et al. showed that the proton is mostly in a u( ud)o configuration where (ud)o denotes diquark with 5=1=0. Also, the proton fragmentation at small PT has been systematically studied on the basis of the assumption of a quark-diquark structure of proton. 3 ), 4) In these analyses, the diquark is assumed to be a colored entity(3* of color) which becomes part of a baryon.
On the other hand, the cascade model for quark jets in soft and hard interactions has been discussed by many authors. 5) The model, however, did not include baryon and antibaryon productions. Recent experimental data in e+ e-annihilations have shown that many baryons are produced. 6 ), 7) Thus, we must consider a quark jet including baryon and antibaryon productions. It is a simple treatment of baryon productions in quark jets to consider a diquark-antidiquark pair creation in a way similar to the quark-antiquark pair creation. Hence, we may consider a cascade of the diquark similar to the quark. These considerations lead to a multi-channel cascade model for quark and diquark where the primordial emission processes of quark (q) and diquark «qq» are shown in Fig. 1 
Sukhatme et al.ll)
In this paper we investigate hadron productions in neutrino (lI) and antineutrino (iJ) proton scatterings on the basis of the assumption of a quark -diquark structure of proton and a quark-diquark cascade model. A main problem in these scatterings is whether the diquark system*) in target fragmentation region behaves like a single object or two-quark configuration. We analyze recent data on liP and iJP interactions and show that the diquark system cannot simply be treated as diquark or two-quark, but behaves like a mixing state of diquark mode and independent two-quark mode.
In §2, a model for target fragmentation in liP and iJP scatterings is formulated. In §3, comparisons with data are given .. Conclusion and discussion are given in §4. § where E and P T denote energy and transverse momentum of produced hadron h in the hadronic C.M.S., respectively. Also, s and x are total energy square and Feynman variable, respectively. Considering a quark-diquark structure of proton, we assume that the proton state is described as where (Ud)A and (ud)s denote the antisymmetric and symmetric diquark states, respectively. Then, a is a dynamical parameter and is equal to 1/2 in the limit of SU (6) symmetry. Here, we neglect sea quarks andl orgluon, since we assume a constituent quark (diquark) picture.
When an isolated quark in proton is hit by a projectile, a diquark is left and fragments in the backward hemisphere. On the other hand, when a quark in a diquark is hit, a two-quark configuration is left and two quarks fragment independently. These pictures are shown in Fig. 2 . Thus, the diquark system can be understood to be composed of two components· of diquark and two-quark configuration. Therefore, the invariant distribution function of hadron h in the uu-diquark system of liP scattering is given as
The functions gh/(uu) and gh/U denote the emission function for the processes (uu)-) h+ X and u-) h+ X, respectively. The functions h(uu)/uu and hu/uu denote the distribution function of (uu)-diquark and u-quark in the uu-diquark system, respectively and satisfy *) Here, we use the word "diquark" in a restricted sense. It denotes a bound object of two quarks. On the other hand, the word "diquark system" denotes the two-quark state left in target fragmentation region when a quark has been knocked out by the projectile. The former and the latter are represented by (qq) and qq. On the other hand, if the symmetric distribution for two-quark configuration is assumed and is parametrized by a joint distribution function, the function hU/uu is described as where fl is a parameter and B(fl, fl) denotes the beta function. Hereafter, we assume the two-body phase space distribution (fl = 1), for simplicity. If the parameter a is equal to one, the uu-diquark system reduces to only the two-quark configuration component. If a = -1/2, it reduces to only the (uu)-diquark component. This parameter will be determined from the analyses of experimental data in the next section.
Similarly, we can treat the ud-diquark system in fJP interactions. Then, the invariant distribution function of hadron h is given as (3) If a=l, the component of the (ud)-diquark has the equal probability to the one of the two-quark configuration. If a = -1/2, the ud-diquark system has only the component of the two-quark configuration in contrast with the case of the uu-diquark system.
Emission function
Let us consider the emission functions of quark and diquark as gh/q and gh/(qq). We assume that they are determined by a cascade mechanism. In Ref. 9), we discussed, together with Kinoshita, a quark-diquark cascade model including flavor and resonance .. Here, we use this model.
First, we assume u-, d-and s-quark as flavor. Only octet baryons and pseudoscalar mesons are considered as produced hadrons, since the present data on target fragmentations in vp and fJP interactions are rough. Then, it is assumed that the wave function of the octet baryon is described by the 5U(6) symmetry.
Next, we assume the 5U(3) symmetry breaking in u-u, dod and s-s pair creations and M. Now, we consider four primordial emission processes as shown in Fig. 1 . The parametrization of their momentum sharing functions are assumed to be as follows:
where £ and 7} denote baryon (antibaryon) ~mission probability from q( ij) and meson emission probability from (qq), respectively and B(a, b) denotes the beta function. According to the notation used in Ref. 9), the emission function 9Hklflt(Z) for the process f.,li--+ H k+ X satisfies the following integral equation:
where the suffices .i, j and k denote flavor indices and the sum runs over all sorts of costituents (q, (qq)). The functions kHklflt and fIJJlfll are derived from the primordial emission functions as follows:
where VHk.IJJlflt is the emission probability of the emission process f.,li--+ Hk+ Vj given in Ref. 9 ). These· equations are very complicated and it is difficult to solve them analytically except for special cases. Here, we solve Eq. (5) by means of the Monte Carlo method.
Determination of parameters
We analyse the available data on the x distribution of hadrons in e+ e- where ei denote the charge of the i-quark. While, the invariant distribution functions in current fragmentation region of liP and vp scattering are given as 
!7r±/u(x)~ ;g7r±/u(x)
for liP scattering,
for vp scattering.
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good agreement with data. However, it does not have an important effect upon the analysis of the structure of target fragmentations in vp and fJP interactions. The parameters used here, are given in Table 1 . The values of parameters 'Y and r used here are larger than those used in small PT analyses.
),9)
This is because the resonance effects are neglected. § 
Comparison with experiments
Let us analyse target fragmentations in vp and fJP interactions. We determine the parameter a which characterizes the probability of the diquark distribution in proton.
We consider target fragmentation in vp interactions. The data on charged hadron(h±) productions by Bell et al. The results from the Monte Carlo calculation for the x distributions are shown in Fig. 5 . In the first and third cases, both models cannot explain the x 'distribution of positivecharged hadron with large x (x >0.6). The model with a = 1/ 2 is in good agreement with experimental data. Also, the results of the charged hadron ratio are shown in Fig. 6 . Therefore, from these analyses, we conclude that the uu-diquark system behaves like a mixing state of single object mode(diquark) and independent two-quark mode. Hereafter, we fix a=I/2. In Fig. 7 , the results of the x distributions for uu~x+ X and x-X are in reasonable agreement with experimental data. We have studied target fragmentations in vp and flP scattering based on the assumption of a quark-diquark structure of proton. We conclude that the diquark system in target fragmentation region is composed of two components of diquark and two-quark configuration. Furthermore, the experiments suggest that the probability of the diquark component is smaller than the one of the two-quark configuration in the diquark system . . This result is similar to the one by Sukhatme et al.
l1 )
However, their treatment of the diquark jet is different from our formalism. Also, their models predicted lower values than experimental data on proton spectra in target fragmentation region. When a = 1/ 2, the uu-diquark system in vp interactions has the same breakup probability as the uddiquark system in flP interactions.
Also, Fredriksson and Larsson 16 ) discussed the ratio R( uu~ x/ ud ~ x) and pointed out that the component of the two-quark configuration dominates in target fragmentation of vp scattering. In fact, after simple calculation, we have In order to check the models, we would like to have experimental data on the baryon productions in vp and flP scattering. In particular, the ratio p/x+ in target fragmentation region is an interesting experiment.
